The purpose of this paper is to investigate the effects of a curriculum design-based (CDB) professional development model on K-12 teachers' engineering knowledge, attitudes, and behaviors. This teacher professional development approach differs from other training programs where teachers learn how to use a standard curriculum and adopt it in their classrooms. In a CDB professional development model teachers actively design lessons, student resources, and assessments for their classroom instruction. In other science, technology, engineering and mathematics (STEM) disciplines, CDB professional development has been reported to (a) position teachers as architects of change, (b) provide a professional learning vehicle for educators to reflect on practices and develop content knowledge, (c) inspire a sense of ownership in curriculum decision-making among teachers, and (d) use an instructional approach that is coherent with teachers' interests and professional goals. This preliminary study evaluates the effects of a CDB professional development program, the PTC STEM Certificate Program, on twenty-six K-12 teachers who participated in 62 hours of engineering education professional development over a six month period. Participants learned about industry and education engineering concepts, tested engineering curricula, collaborated with K-12 educators and industry professionals, and developed project-based engineering curricula. Data was collected pre-, mid-, and post-program using teacher surveys and a curriculum evaluation instrument. Study results indicate improvements in self-reported engineering subject-matter knowledge and teachers' engineering curriculum design self-efficacy. Analysis of teachers' curricula indicates alignment with multiple educational standards and integration of engineering design strategies.
I. Introduction

A. Background
The need to prepare K-12 teachers in engineering education is clear. Less than 8% of K-12 science teachers report feeling very prepared to integrate engineering in their instruction 1 . Very few STEM teachers have college-level or professional training in engineering 1 . There are limited teacher professional development (TPD) opportunities in engineering education 2 . And there is a paucity of engineering curricula for teachers to implement in their classrooms 3 . It is important to overcome these limitations in engineering teacher preparation for several reasons. New national science standards identify engineering as a core discipline in science and technical fields 4 , industry employers want employees who are technologically literate 5 6 7 , research on how people learn identifies design-based learning as an effective method to engage students in authentic, real world learning tasks 8 , and teachers value engineering activities as contexts for students to understand and apply science and math concepts 9 10 . In response, there is a large demand to provide K-12 teachers with high quality engineering professional development 3 11 .
B. Prior Research
Research on pre-college engineering instruction has focused on assessing the impact of professional development on teachers' and students' knowledge and attitudes. For instance, researchers have reported teachers' positive reactions to hands-on, collaborative, and interdisciplinary components of engineering professional development 9 12 13 ; teachers' increased familiarity with design and engineering 14 15 ; improvements to teachers' confidence in implementing engineering curriculum 16 ; as well as an increase in teachers' science knowledge 9 and engineering knowledge 15 17 18 . In addition, prior research has demonstrated a positive relationship between teachers' participation in professional development and increased levels of student interests in science and engineering careers 19 as well as improvements in students' science and engineering knowledge 9 . On the other hand, very little research has assessed the effects of TPD on behavioral outcomes such as student engineering practices or teacher instructional practice 19 . In this limited research area, studies have reported an association between TPD and increased implementation of engineering activities 12 and implementation of research-based instructional practices 20 .
Another gap in pre-college engineering research is the type of professional development model assessed. Most research has focused on a specific type of engineering professional development; namely, a curriculum-linked model where teachers adopt a specific set of curricula 2 11 . There are other curriculum-linked models for training teachers such as curriculum design-based professional development. While few in number, pre-college engineering CDB studies have reported the integration of engineering practices in STEM teachers' practice 20 , a shift towards student-centered learning methods 21 , and a correlation between teacher participation in engineering-based CDB professional development and reductions in student achievement gaps 22 .
In addition, other disciplines employing a CDB professional development model have reported positive outcomes. In particular, CDB professional development has been reported to position teachers as architects of change, provide a professional learning vehicle for educators to reflect on practices and develop content knowledge, give teachers a sense of ownership in curriculum decision-making, and use an instructional approach that is coherent with teachers' interests and professional goals 23 24 25 . There are several reasons why a CDB professional development model needs to be studied in engineering education: there are very few engineering education studies in this area 20 , researchers and policy makers argue engineering needs to be integrated into existing subject-area curricula 26 ; teachers need pedagogical models and experience with integrating engineering into their curricula 27 , and research strongly supports CDB professional development as an effective model to improve teacher content knowledge and practice 26 .
C. Purpose of Study
The purpose of this study was to determine the effectiveness of a CDB professional development program in improving K-12 teachers' understanding of engineering subject-matter, self-efficacy in engineering curriculum design, and proficiency with integrating engineering design strategies in project-based engineering units. We asked the following research questions: (1) What effect did a CDB professional development have on teachers engineering subject-matter knowledge? (2) What effect did a CDB professional development have on teachers' self-efficacy in designing engineering curricula? (3) To what degree did a CDB professional development model enable teacher's to design project-based engineering curricula?
II. Methods
A. Curriculum Design-Based Professional Development Program
The PTC STEM Certificate Program, began providing engineering teacher professional development to K-12 educators in 2013. The three goals of the program are to prepare teachers in engineering education, improve teaching practices in curriculum design, and increase technology skills. The instructional philosophy of the program is identified as Product Development Education. This model is characterized by providing instructional strategies and content knowledge that center on how products are made in the real world with special attention to the interdisciplinary nature of the product development process.
This program provides 62 instructional contact hours and is sustained over a six-month period. Instruction is delivered in a blended learning approach including face-to-face workshops and online, synchronous webinars. Program implementation is organized into two phases (Figure 1 ). The first phase of the program is the Foundations Phase. This phase provides teachers with the opportunity to learn about engineering concepts informed by classroom and industry practices, test curriculum materials, collaborate with industry and education experts, familiarize with engineering and product development software, and share best practices in STEM education. The second phase is the Authoring Phase. This phase focuses on training teachers to design their own curriculum materials using the Explore-Create-Share (ECS) model. The ECS model organizes engineering-based instruction into engineering design challenges that are instructionally scaffolded into three stages. The Explore stage is characterized by students learning about the design challenge, and exploring relevant concepts and practices that are needed to complete the design problem. The Create stage is characterized by students brainstorming solutions, developing and testing models, and sharing their design results. The Share stage is characterized by students simulating industry roles whereby they identify how their designs can be realized through contributions of professionals in various fields such as arts, science, and business. In the program educators use the ECS model in a structured curriculum development training program to create classroom materials that are interdisciplinary, projectbased, and aligned with educational standards. There are seven deliverables each teacher produces to scaffold their curriculum development process in the Authoring Phase: (1) a project definition that identifies the big idea of the unit and the design problem, (2) a detailed outline identifying student activities and assessments in the Explore, Create, and Share phases, (3) a one page marketing brief that summarizes the unit goals and activities, (4) lesson plans and student materials for the Explore phase, (5) lesson plans and student materials for the Create phase, (6) lesson plans and student materials for the Share phase, and (7) a final copy of all deliverables which are then posted on an online STEM repository that is accessible to all alumni of the program. Throughout the Authoring Phase, teachers attended five live synchronous webinars, a one full day workshop, and received authoring feedback from a master teacher who had previously completed the program and received additional training in the program's Product Development Education model.
B. Teacher Recruitment
The professional development program staff recruited teachers to join the summer 2014 cohort using emails, network newsletters, and conference workshops. Twenty-six teachers registered for the program. Teachers were invited to participate in the study using an email recruitment letter. All teachers volunteered to participate in the study.
C. Participants
Participants of this study were teachers who attended the summer 2014 cohort of the professional development program. Table 1 provides information about participant characteristics. Overall, there were more females (65%) than males (35%). Ages ranged from 30 years or younger up to 61 years or older. Eighty-eight of participants held a Master's degree or higher. Fifty percent of participants had a bachelor's degree in a STEM field, and 54% of participants had industry experience in a STEM field. Teaching experience ranged from 0-2 years up to 21 years or more. Sixty-two percent of teachers' held a teaching science teaching responsibility, 35% held an engineering or technology teaching responsibility, and 30% held a math teaching responsibility. Fifty-four percent of participants had experience teaching engineering in the classroom, 42% of teachers taught at the K-5 level, and the remaining 48% at the secondary level (6-12). Lastly, 31% of participants taught in urban schools, 46% in suburban schools, and 23% in rural schools.
D. Research Design
This study employed a pre-post test research design without a control. Descriptive and inferential statistics were utilized to characterize study outcomes and relationships between variables. Dependent variables are organized according to the Knowledge, Attitude, Behavior (KAB) framework 14 . In particular, we assessed changes in teacher engineering subject-matter knowledge, self-efficacy in engineering-based curriculum design (attitudes), and engineeringbased curriculum design quality (behavior). The professional development program is the independent variable. The research theory guiding this study is based on Guskey's evaluation framework and its adaptation by 29 which identified a positive relationship between teacher and student outcomes; specifically, teacher satisfaction with a TPD program can positively influence teacher knowledge which can in turn improve their teacher practices, which ultimately can improve student achievement 29 . In this study, semantic modifications were made to the Yoon model to explicitly incorporate the KAB framework ( Figure 2 ). 
E. Research Instruments
In order to assess the impact of the professional development program on teachers knowledge, attitudes, and behaviors three teacher surveys and one curriculum analysis instrument were employed. Each instrument is briefly described below. 31 with the curriculum design strategies of the professional development program to define thirteen factors: Understanding the Challenge, Research, Ideation, Modeling, Optimization, Reporting, Review and Reflection, Project Planning and Management, Collaboration, Academic Rigor, Industry Product Development, and Authentic Design (Appendix B includes the survey items). The second step was conducting a series of expert reviews. Six K-12 engineering teachers, two instructional designers, and one professional engineer reviewed each factor and its associated proficiency levels. The third step was measuring the instrument's reliability. Six K-12 engineering teachers and one researcher scored the same engineering unit. The raters scored 55% of the items with the same score, 45% with a one point difference, 2% with a two point difference, and 0% with a three point difference. Cronbach's alpha for the seven raters was 0.69. When one rater with several outlier points was omitted from the analysis, the Cronbach alpha was 0.79. Lastly, the twenty-three units analyzed in this study were scored by a pair of reviewers (one researcher and one teacher). Once all scores were tabulated, inter-rater reliability analysis was conducted. Of the total possible scores, 53% of the scores were rated the same, 44% were rated with a one point difference, 2% were rated with a two point difference, and 0% were rated with a three point difference. In order to reach a 100% consensus, pairs of reviewers reached a consensus score for each unit they reviewed.
F. Data Collection
During the six-month study, participants took the Program Rating and TEK survey once at the end of the program. Participants answered retrospectively about their before and after engineering subject-matter knowledge in the TEK survey. The ECD Self-efficacy survey was administered three times, once at the beginning, middle (between the Foundations and Authoring phases), and end of the program. All surveys were electronically administered using Qualtrics. Lastly, teachers' engineering curriculum plans were scored.
G. Data Analyses
Our first step was exploring data for assumptions of parametric analyses. Next, statistical methods were selected based on the research questions and data. In particular, descriptive statistical analyses were selected for data produced from the Program Rating survey, TEK survey, and TED curriculum quality instrument. Descriptive and inferential statistical analyses were selected for reporting the results from the ECD Self-efficacy survey (paired samples t-test, independent t-test for parametric analyses, and Mann-Whitney U tests and Kruskal-Wallis H tests for non-parametric analyses). Effect sizes were also calculated for the ECD Self-efficacy data using Hedges' g calculations; this method was selected because the sample size was small and it has been reported that Cohen's d can overestimate the magnitude of the difference in small samples 15 . Reliability of the ECD Self-efficacy survey and TED curriculum quality instrument is provided in the Instrument section of this paper.
III. Results
A. Teachers' Reactions to the Professional Development Program
Teachers 
B. Changes in Teachers' Engineering Knowledge
After participating in the professional development program, participants' self-reported an increase in their understanding of the engineering design process, engineering concepts, engineering habits of mind, and the connections between engineering and other subject-area concepts and practices. Understanding of the engineering design process shifted from between 
C. Changes in Teachers' Engineering Curriculum Design Self-efficacy
Paired-samples t-statistics tests revealed that participants significantly increased their engineering curriculum design self-efficacy when comparing differences between pre-and midprogram (t(21)= 2.14, p <0.05, Hedges' g = 0.40), mid-and post-program (t(22) = 2.52, p < 0.05, Hedges' g = 0.58) and pre-and post-program (t(23) = 5.62, p<0.001, Hedges' g =1.02). Differences between pre and posttest results show an increased homogeneity in engineering curriculum design self-efficacy as indicated by the decreased range of scores and a smaller standard deviation (Table 2) . 
D. Variations in Teachers' Engineering Curriculum Design Self-efficacy by Teacher and School Characteristics
Due to a lack of variety among participants based on teachers' subject-area, ethnicity and college degree level, we examined variations in college degree in a STEM discipline, industry experience in a STEM field, years of teaching experience, teaching experience in engineering, grade level, age, gender, and school location. Mann-Whitney U and Kruskal-Wallis H tests showed significant differences for two grouping characteristics. One, teachers working in urban school locations exhibited lower engineering curriculum design self-efficacy than teachers in suburban schools at the beginning of the program (U= 15.0, z= -2.40, p = 0.017, r = 0.55). Two, teachers who had implemented engineering activities before the professional development program reported higher engineering curriculum design self-efficacy at the end of the program than teachers who had no engineering education experience (U= 40.0, z= -2.27, p = 0.023, r = 0.44)
E. Changes in Teachers' Engineering Curriculum Design Self-efficacy by Construct
Differences between ECDSE subscales at pre-, mid-, and post-program showed significant changes at particular program phases with the largest effect sizes occurring between pre-and post-program results. Furthermore, differences between pre-and post-test results show an increased homogeneity in all engineering curriculum design self-efficacy constructs as indicated by the decreased range of scores and a smaller standard deviation (Table 3) .
When comparing pre-and mid-program differences paired samples t-statistics tests revealed that participants significantly increased their engineering curriculum design self-efficacy in constructs related to engineering subject-matter and integrated learning: K-12 Engineering When comparing mid-and post-program differences, paired samples t-statistics tests revealed that teachers' significantly increased their engineering curriculum design self-efficacy in subjectmatter knowledge and teaching practices factors: K-12 Engineering Content (t (23) 
F. Characteristics of Teachers' Engineering-based Curriculum Units
Twenty teachers worked independently and three teams of two worked together to create model engineering units. All units included unit summaries, unit goals and assessments, standards matrixes, lesson objectives, lesson activities, lesson resources, and lessor durations. In addition, each unit focused on one big idea; 70% of these big ideas were associated with a science discipline (e.g. Newton's Laws, Animal Adaptation, or Plant Life Cycle). There were eight units at the K-5 level, twelve units at the 6-8 level, and three units at the 9-12 level. All units targeted education standards from multiple disciplines with strong representation in STEM and English Language Arts (ELA) disciplines. In particular, all twenty-three units targeted at least one engineering standard and eighteen units (78%) targeted at least one science education standard. Among the science disciplines, 10 units (43%) targeted at least one earth & space science standard, 9 units (39%) targeted at least one life science standards, and 7 units (30%) targeted at least one physical science standard. In addition, 10 units (43%) and 3 units (13%) targeted at least one mathematics and one computer science standards respectively. In the ELA discipline, twenty-two units (96%) targeted at least one ELA standard with nearly equal representation of Common Core Reading (78%), Writing (78%), and Speaking & Listening standards (83%).
G. Quality of Teachers' Engineering-based Curriculum
On average teachers designed engineering curricula that scored between beginner and intermediate levels 
IV. Discussion
Preliminary results suggest that a CDB professional development program is an effective model to improve teachers' engineering knowledge, attitudes, and behaviors. Notably, teachers reported high ratings of the professional development program, improved understanding of engineering subject-matter knowledge, increased engineering curriculum design self-efficacy, and developed project-based engineering curricula that aligned with educational standards and demonstrated on average beginner to intermediate level engineering design integration. This research aligns with other disciplinary-based professional development models that have used a CDB model to improve teacher outcomes 26 32 33 .
A. Knowledge
In this study, we used a retrospective survey to measure teachers' understanding of engineering subject-matter content before and after the program. Results suggest that CDB professional development is an effective model to improve teachers' understanding of the engineering design process, engineering concepts, engineering habits of mind, and the connections between engineering and other subject-area concepts and practices. These four items measured in this study are foundational concepts teachers should know and be able to apply in instructional practice 20 . In the professional development literature, a best practice is improving teachers' content knowledge through active learning experiences 34 35 36 . These preliminary findings indicate that positioning teachers as instructional designers in TPD can lead to improvements in engineering subject-matter knowledge.
B. Attitude
Pre-college engineering literature frequently cites the need to familiarize K-12 teachers with engineering education and improve their confidence in using associated curriculum and teaching practices 3 13 . According to this study, active participation in designing engineering curricula results in significant improvements in teachers' instructional self-efficacy. In particular, teachers' reported an overall improvement in ECD self-efficacy at both mid-and post-program stages. Positive changes in teachers' ECD self-efficacy as a result of participating in the Foundation Phase suggests that familiarizing with engineering through content lectures and testing curriculum advances teacher self-efficacy in instructional planning. Specifically, teachers reported significant improvements in ECD self-efficacy constructs focused on subject-matter content (K-12 Engineering Content, Industry Engineering Content, Engineering Design Process, and Integrated Learning). In contrast, teachers' did not report improvements to constructs associated with teaching practice (Project Based Learning, Teaching Coherence, and Curriculum Planning) and improving student learning outcomes (Student Learning). On the other hand, after completion of the Authoring phase, teachers' reported significant improvements in all constructs, and pre-post analyses exhibited the largest effect sizes in the ECD Self-efficacy scale.
When comparing changes based on teacher characteristics we observed two significant findings. First, prior to participating in the program, teachers who worked in urban schools exhibited lower ECD self-efficacy. This finding may be a result of the challenges urban school teachers face in implementing new educational content as a result of existing barriers that impede reformoriented practices 37 38 . A second difference was teachers who had prior K-12 engineering experience reported increased ECD self-efficacy after the program in comparison to teachers who had no K-12 engineering experience. Teachers who had prior experience with engineering education may have had more familiarity with engineering, which enabled them to advance further than teachers who had no experience with engineering education.
C. Behavior
Each of the twenty-three units designed in this program included detailed unit goals, activities, and assessments. Teachers consistently designed units that focused student learning on big ideas, especially within the science disciplines. These findings indicate that teachers can take an active role in developing engineering-based curricula that focus student learning on deeper understanding 39 and connecting engineering with other disciplines 26 . In addition, teachers designed project-based curricula that had a high level of integration with science, engineering, and Common Core ELA standards. Given the demand to prepare teachers for national reforms in science education, including engineering 4 , and widespread attention on improving student learning in Common Core ELA competencies 40 , we can conclude that this program aligned with standards-based reforms, which is an indicator of high quality professional development 25 35 . Based on the TED scale, this indicates that teachers created learning plans that intended for students to conduct in-depth product research, execute a scaffolded modeling process grounded in prior research, consistently review their work, receive formal feedback from their teacher, participate in instructional activities that were aligned with educational standards, and required both formative and summative assessments. These results are consistent with the literature on teacher instructional planning that suggests that teachers have a long-standing tradition of developing lessons that include assessments, aligning activities with education standards, and addressing important concepts and skills to be taught during the lesson 41 . An exception is the high score teachers received in the Modeling construct. In pre-college engineering research, teachers' capacity to conduct engineering-level modeling has been cited to be a gap in teachers practice 42 . In this study 61% of teachers designed curricula that explicitly targeted scaffolded student modeling, ground student modeling in academic concepts, and provide students with a moderate level of autonomy in modeling.
In the remaining TED subscales, teachers demonstrated a preponderance of beginner level engineering integration. These results align with pre-college engineering research, which states that K-12 educators are less prepared in scoping engineering problems 3 13 , conducting optimization activities 3 18 , working with appropriate engineering materials and tools 43 , and providing students with authentic engineering learning experiences 44 . In conclusion, a beginner score on the TED scale is evidence of meeting basic requirements to conduct engineering design strategies in the classroom. This result indicates that a CDB professional development model can the lay a foundation for enabling teachers' to implement research-based, engineering design projects in the classroom.
D. Limitations of Study
This preliminary study had a comparable sample size to many pre-college engineering studies in TPD research 13 14 . Nonetheless the sample size did present limitations with respect to the scope of this study. In particular, when comparing grouping characteristics for the ECD Self-efficacy analysis, the data did not meet assumptions of normality, which may have led to an increase probability of a Type I error. The sample size also limited research generalizations. Although this study provides early indications of possible associations between a CDB professional development program and teachers' engineering outcomes, it does not demonstrate causation between the treatment and study outcomes because the study design did not employ a control or random sampling. Furthermore, this study consisted of self-selected teachers who may have been early adopters and thus their results may not reflect the larger population 45 (Rogers, 1962) .
Another limitation of this study is the instrumentation. The ECD Self-efficacy scale and TED curriculum quality instrument are new instruments that have been tested and validated in pilot studies. This may limit the content validity and reliability of the study results.
E. Implications
There are several aspects of this study that are significant. One, our results indicate that a CDB professional development program is an effective model to improve teachers' understanding of foundational engineering concepts and self-efficacy in designing engineering curricula. In addition, a CDB model is an effective model to provide teachers with the opportunity to design project-based units that align with core engineering design strategies. Two, these findings contribute to an existing body of literature focused on studying the effects of curriculum designbased professional development on K-12 teacher outcomes. Third, instruments for assessing ECD self-efficacy and the quality of engineering design integration in lessons were developed and validated. In conclusion, we see this study as a significant step towards supporting a CDB professional development approach to prepare K-12 teachers in engineering education. Further research is warranted in identifying the effects of an engineering-based CDB professional development model on teachers' instruction in the classroom as well as the association between CDB professional development and student learning outcomes.
Appendix A: Engineering Curriculum Development (ECD) Self-efficacy survey 1 = Strongly Disagree, 2 = Disagree, 3 = Slightly Disagree, 4 = Slightly Agree, 5 = Agree, 6 = Strongly Agree I can design curriculum that deepens students' understanding of (ENG) 1. Engineering concepts. 1 2 3 4 5 6 2.
The engineering design process. 1 2 3 4 5 6 3.
Real world applications of engineering concepts. 1 2 3 4 5 6 I can design curriculum that deepens students understanding of (IND) 4. How products are made in industry. 1 2 3 4 5 6 5.
The types of industry professions that are involved in making a product. 1 2 3 4 5 6 6.
Activities engineers do in industry. 1 2 3 4 5 6 7.
The connection between engineering and other professional careers. 1 2 3 4 5 6 8.
The connection between engineering and daily life. 1 2 3 4 5 6 I can design curricula that provides students with the opportunity to (EDP) 9.
Identify the requirements of a design challenge. 1 2 3 4 5 6 10.
Carry out project planning activities. 1 2 3 4 5 6 11.
Record project activities in a journal or notebook. 1 2 3 4 5 6 12.
Conduct research for a design project. 1 2 3 4 5 6 13.
Analyze research findings of a design project. 1 2 3 4 5 6 14.
Brainstorm solutions to a design challenge/problem. 1 2 3 4 5 6 15.
Create a prototype model of a design solution. 1 2 3 4 5 6 16.
Test a prototype. 1 2 3 4 5 6 17.
Improve a prototype based on test results. 1 2 3 4 5 6 18.
Communicate a design project's result to an audience. 1 2 3 4 5 6 I can design curriculum that provides students with the opportunity to (PBL) 19 . Focus on learning academic concepts. 1 2 3 4 5 6 20.
Focus on solving a driving question or challenge. 1 2 3 4 5 6 21.
Engage in learning activities that are scaffolded. 1 2 3 4 5 6 22.
Engage in in-depth learning experiences. 1 2 3 4 5 6 23.
Make their own choices during project implementation. 1 2 3 4 5 6 24.
Collaborate with other students. 1 2 3 4 5 6 25.
Receive feedback on their work. 1 2 3 4 5 6 26.
Review their work. 1 2 3 4 5 6 27.
Present their work to people beyond their classmates and teacher. 1 2 3 4 5 6 I can design curriculum that (SL) 28.
Hooks and sustains student interests. 1 2 3 4 5 6 29.
Fosters student creativity. 1 2 3 4 5 6 30.
Fosters student critical thinking. 1 2 3 4 5 6 31.
Increases student achievement. 1 2 3 4 5 6 32.
Fosters student transfer of learning. 1 2 3 4 5 6 I can design curriculum that provides students with the opportunity to learn about the connections between (INT) 33. Science concepts and another subject area. 1 2 3 4 5 6 34.
Technology concepts and another subject area. 1 2 3 4 5 6 35.
Engineering concepts and another subject area. 1 2 3 4 5 6 36.
Mathematics concepts and another subject area. 1 2 3 4 5 6 37.
English language arts concepts and another subject area. 1 2 3 4 5 6 38.
Social studies concepts and another subject area. 1 2 3 4 5 6 39.
Visual arts concepts and another subject area. 1 2 3 4 5 6 I can design curriculum that aligns with (TC) 39. State-level education standards. 1 2 3 4 5 6 40.
State-level student assessments. 1 2 3 4 5 6 41.
Your administration's teacher evaluations. 1 2 3 4 5 6 42.
Your administration's school curriculum goals. 1 2 3 4 5 6 43.
The learning needs of your students. 1 2 3 4 5 6 44.
Your teaching interest. 1 2 3 4 5 6 45.
Subject areas you teach. 1 2 3 4 5 6 46.
The use of space in the classroom. 1 2 3 4 5 6 47.
The management of time. 1 2 3 4 5 6 48.
Hardware resources. 1 2 3 4 5 6 49.
Arts & Crafts supplies. 1 2 3 4 5 6 50.
Digital resources. 1 2 3 4 5 6 51.
Print materials. 1 2 3 4 5 6
When I am designing curricula, I can effectively (CDP) 52.
Define student learning objectives of a curriculum. 1 2 3 4 5 6 53.
Plan a sequence of student activities. 1 2 3 4 5 6 54.
Create student handouts/worksheets. 1 2 3 4 5 6 55.
Create student assessments. 1 2 3 4 5 6 56.
Create lesson plans/teacher guides. 1 2 3 4 5 6 57.
Analyze evaluation data (e.g. student assessments, admin feedback, peer feedback) to assess my curriculum design effectiveness.
1 2 3 4 5 6 58. Reflect on my curriculum development effectiveness. 1 2 3 4 5 6 59.
Improve my curriculum design based on evaluation data (e.g. student assessments, admin feedback, peer feedback). -The curriculum intends for the teacher to deliver a highly scripted design project which is lacking a clear problem to solve.
-The curriculum did not intend for the teacher to discuss the goals requirements of the design activity.
-The curriculum intends for the teacher to deliver a challenge that is a predefined problem; there is very little or no opportunity for the students to change/influence the problem definition.
-The curriculum intends for the teacher to briefly review the challenge requirements with the students.
-The curriculum intends for the students to have some influence on reframing the challenge.
-The curriculum intends for the students to explore the challenge and its associated requirements (e.g. criteria, constraints).
-The curriculum intends for the students to briefly connect prior experience/learning to the challenge context.
-The curriculum intends for the students to deeply explore, comprehend, and frame the problem better.
-The curriculum intends for the students to delay design decisions in order to connect their prior experience/learning to the challenge context.
Research: enhance
background knowledge, and build understanding of users, product(s), and related content knowledge. Analyze findings in preparation to inform ideation and modeling.
-The curriculum did not intend for the teacher to include research activities; instead students are directed to pose or build solutions immediately.
-The curriculum intends for the teacher to provide very little if any at all background information on the challenge and associated content areas.
-The curriculum intends for the teacher to provide some background information on the project (e.g. product, users, important concepts and skills) mainly through teacher-centered methods (e.g. lecture, discussion).
-The curriculum intends for the teacher to provide very few, if any at all, activities in which students explicitly analyze and connect background information to future design tasks.
-The curriculum intends for the teacher to provide an in-depth account of background information. The curriculum intends for the students to explore some topics independently and in group activities.
-The curriculum intends for the students to analyze their research findings and on some occasions demonstrate how these findings will inform their future design tasks.
-The curriculum intends for the students to conduct both independent and group research.
-The curriculum intends for the students to analyze their research findings and on many occasions demonstrate with concrete evidence how these findings will inform future design tasks.
-The curriculum intends for the teacher to be a guide/facilitator in this task.
Ideation: generate a
range of design ideas to avoid fixation; ideas are grounded in research and aligned with the challenge requirements; selection of ideas is organized, structured, and collaborative.
-The curriculum does not intend for the students to brainstorm more than one solution nor evaluate the proposed idea. The curriculum does not intend for the students to work collaboratively during the ideation process.
-The curriculum does not intend for the students to ground their proposed ideas in prior research.
-The curriculum intends for the students to brainstorm at least two solution ideas but there is limited time for evaluation.
-The curriculum intends for the students to work collaboratively on some aspect of the ideation process (e.g. selection, voting, and refinement) but not each step.
-The curriculum intends for the students to identify a few reasons why they chose their designs but it is not required to ground their proposed ideas in prior research.
-The curriculum intends for the students to brainstorm several ideas and extensive time is given to evaluation.
-The curriculum intends for the students to work collaboratively on most aspects of the ideation process.
-The curriculum intends for the students to explicitly identify how prior research informed their design process, including the guiding principle(s) of the project.
-The curriculum intends for the students to brainstorm many ideas and use multiple approaches to evaluate their proposed ideas before picking final idea(s).
-The curriculum intends for the students to collaborate through the entire ideation process.
-The curriculum intends for the students to ground their ideation steps in prior research (including the guiding principle) and encourages students to revise and refine their ideas with additional research time. -The curriculum intends for the teacher to provide a scripted set of building instructions for creating prototypes.
Design Strategy
-The curriculum does not intend for the students to create increasingly sophisticated prototypes, instead the students move immediately into creating the final prototype.
-The curriculum does not intend for the students to ground their modeling in prior research.
-The curriculum intends for the teacher to direct students on some aspects of modeling with build instructions and tips.
-The curriculum intends for the student to create at least one initial model before building the final prototype.
-The curriculum intends for the students to ground some of their modeling decisions in prior research, including the guiding principle, but explicit evidence (e.g. writing, visual) is not required.
-The curriculum intends for the students to have a moderate level of autonomy in the modeling process.
-The curriculum intends for the students to create multiple models (sketch, craft, kit, 3D, etc.) that demonstrate increasing sophistication.
-The curriculum intends for the students to demonstrate with some evidence how their modeling process is informed by prior research, including the guiding principle.
-The curriculum intends for the students to define, plan, and execute their own modeling process.
-The curriculum intends for the students to create multiple models of their solution, and ultimately a final working model. -The curriculum intends for the students to demonstrate with extensive evidence how their modeling process is informed by their research, including the guiding principle of the project.
Optimization:
Run test to learn how prototypes behave and/or look aesthetically in order to optimize. Use iteration to improve ideas based on feedback and data.
-The curriculum does not intend for the students to test or evaluate their prototype.
-The curriculum does not intend for the students to improve their prototype base on any testing/evaluation data.
-The curriculum intends for the students to conduct at least one test (experimental study) or evaluation (user feedback, expert review) of their prototype.
-The curriculum intends for the students to improve some aspect of their prototype but is not required to show evidence how this change was grounded in testing/evaluation data.
-The curriculum intends for the students to conduct several tests/evaluations of their prototypes.
-The curriculum intends for the students to iteratively improve their prototypes by incorporating testing/evaluation data, and to concretely demonstrate how these changes are grounded in data.
-The curriculum accounts for the students conducting tests to learn about materials, key design variables and how the system works.
-The curriculum intends for the students to conduct systematic, experimental tests (i.e. test one variable at a time).
-The curriculum intends for the students to focus their attention on problematic areas and to identify ways to fix them through trouble shooting and further testing that is grounded in data.
Reporting:
communicate the project experience and design results to a public audience.
-The curriculum does not intend for the students to submit a final report (visual, written or oral) that identified the students' project experience or results.
-The curriculum does not intend for the students to publicly present their work to students or the teacher in the class.
-The curriculum intends for the students to submit a final report (visual, written or oral) that covers their project experience and/or final results.
-The curriculum intends for the students to publicly present their work to students or the teacher in the class.
-The curriculum intends for the students to submit a final report (visual, written or oral) that covers their project experience and final results.
-The curriculum intends for the students to publicly present their work to staff and students within the school (beyond their classroom).
-The curriculum intends for the students to submit a final report (visual, written or oral) that covers both their project experience and final results.
-The curriculum intends for the students to publicly present their work to people outside of the school (community residents, employers, other schools, industry professionals). -The curriculum does not intend for the teacher to formally or informally review student work.
Design Strategy
-The curriculum does not intend for the students to reflect on their design process, individually or collaboratively.
-The curriculum intends for the teacher to conduct at least one formal design check-in/review. -The curriculum intends for the students to participate in at least one activity where they reflect on their design process, individually or collaboratively; evidence of this reflection process is not required.
-The curriculum intends for the teacher to conduct formal design reviews at several key stages of the design process (e.g. research analysis, ideation, modeling, optimization).
-The curriculum intends for the students to show evidence (written, oral, visual) of how individual or group reflections informed their design process.
-The curriculum intends for the teacher to conduct extensive design reviews with students, and reviews are also conducted with people outside of the class (e.g. industry professionals, school community, etc.). The curriculum intends for the students to consistently reflect on their design process by using multiple approaches and mediums to express their reflections.
Project Planning & Management: identify
project goals, project milestones, resources, team work, and timeline.
-The curriculum intends for the teacher to plan and manage all aspects of project planning and management.
-The curriculum intends for the students to plan and manage a few aspects of project planning and management.
-The curriculum intends for the students to plan and manage quite a bit (~50%) of the project planning and management tasks.
-The curriculum intends for the students to plan and manage most aspects of project planning and management.
Materials & Technology:
use materials and technology appropriately.
-The curriculum intends for the students to use materials and technology that are not age appropriate or appropriate for the design project (e.g. irrelevant materials, overly sophisticated or simplistic technology).
-The curriculum intends for the students to use technology and materials that are mostly appropriate for the design tasks and student population.
-The curriculum intends for the teacher to identify most of the materials and technologies available to the student.
-The curriculum does not intend for the teacher to discuss materials and tool safety.
-The curriculum intends for the students to use materials and technology that are very appropriate for the design project and student population.
-The curriculum intends for the students to have some autonomy in resource selection and use.
-The curriculum intends for the teacher to identify and support effective and safe use of materials and technology.
-The curriculum intends for the students to take ownership of identifying and using appropriate materials and technologies.
-The curriculum intends for the teacher to highlight appropriate material & technology safety, and require the students to take some ownership of this safety requirement.
Collaboration:
work with other students and people outside of the classroom to foster rich, dynamic learning and design experiences in the classroom.
-The curriculum does not intend for the students to work collaboratively during the design project.
-The curriculum intends for the students to work collaboratively with other students in the classroom.
-The curriculum intends for the students to work collaboratively with other students in the classroom and on some occasion with other people outside of the classroom (e.g. school, district, town, online, etc.).
-The curriculum intends for the students to consistently collaborate with other students in the classroom as well with people outside of the classroom (school, district, town, online, etc.). inform the design process by applying academic concepts and practices including enduring understandings (e.g. big ideas, guiding principles), as well as alignment with academic standards and assessments.
Design Strategy
-The curriculum does not intend for the students to learn and apply academic content in their design process.
-The curriculum does not intend for the teacher to explicitly connect student learning to curriculum frameworks/standards. -The curriculum does not intend for the teacher to implement formative or summative assessments.
-The curriculum intends for the students to learn and apply some academic content but not explicitly the guiding principle(s) of the project.
-The curriculum intends for the teacher to explicitly connect a few design tasks to curriculum frameworks/standards. -The curriculum intends for the teacher to implement formative and summative assessments.
-The curriculum intends for the students to learn and apply academic content, including activities focused on the guiding principle(s) of the project.
-The curriculum intends for the teacher to make many connections between the design tasks and curriculum standards.
-The curriculum intends for the teacher to implement formative and summative assessments, and on some occasions students take an active role is peer assessment.
-The curriculum intends for the students to learn and apply academic content (including guiding principles) identified as important by the teacher and students.
-The curriculum intends for the teacher to make many connections between the students' design tasks and curriculum frameworks from various disciplines.
-The curriculum intends for the teacher and students to share the responsibility of assessment.
12. Industry Product Development: students learn and apply industry product development concepts and practices.
-The curriculum does not intend for the students to explicitly learn industry product development concepts or practices.
-The curriculum intends for the students to occasionally learn and apply industry product development concepts and practices.
-The curriculum intends for the students to frequently learn and apply industry product development concepts and practices that are made visible through explicit performance tasks.
-The curriculum intends for the students to consistently position themselves as industry professionals who design, develop, and deliver products/services.
Authentic Design:
student design process incorporates input from community members (in or out of the school) and final outcomes have an intended or real impact on a community group -The curriculum does not intend for the students to simulate or collect real feedback from a user group/community. -The curriculum does not intend for the students to create a final product that either simulates or directly impacts a user group/community.
-The curriculum intends for the students to incorporate user feedback/needs (real or simulated) in their design process.
-The curriculum intends for the students to occasionally imagine or simulate how their products would impact a user group/community.
-The curriculum intends for the students to collect some authentic feedback from an intended user group or affiliated community.
-The curriculum intends for the students to frequently imagine or simulate how their product would impact a user group.
-The curriculum intends for the students to consistently get feedback from the intended user group.
-The curriculum intends for the students to create a product that could be used by a user group, and at some point the final product is presented to this user group.
-The final product is nearing or meeting professional quality and in some cases is actively being used in the field or marketplace.
